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The major efforts during Year-2 have dealt with the fundamental description of field-
aligned currents in MHD plasmas and both theoretical and empirical analysis of currents in
Earth’s plasma-sheet boundary layer (PSBL).

A conceptual model of the PSBL was formed and assumed to explain and model precip-
itation and electric field patterns observed at low-altitude from the DE-2 and DMSP-F9
satellites when crossing the poleward boundary of the evening auroral zone. It is suggested
that the pair of oppositely directed field-aligned currents spaced in latitude result within the
PSBL owing to different rates of earthward drift of electrons and protons in the magnetotail
current sheet comprising a Hall generator. Details of observed ionospheric electric fields
were reproduced assuming this generator and ionospheric conductivity gradients observed
near the polar-cap boundary. Copies of the two papers by Burke et al. which report these
results are included with this report, and these findings were reported at several scientific
meetings during this past year.

In collaboration among this PI, Mike Heinemann and Duane Pontius, the fundamental
description of field-aligned current generation in MHD plasma has been generalized to in-
clude inertial effects. For the first time, the role of the perpendicular vorticity has been
revealed to lead to polarization of the plasma and parallel electric fields in magnetospheric
plasma, even when in steady state and isotropically distributed in pitch angle. This find-
ing has important implications to our understanding of parallel currents and fields in the
low-latitude and plasma-sheet boundary layers, and possibly in the inner-edge region of the
plasma sheet. Expressions have been formulated which will be of future use in numerical
modeling of the solar-wind-magnetosphere-ionosphere coupled system. The detailed mathe-
matical and physical description has been accepted for publication in Journal of Geophysical
Research. A preprint accompanies this report. A more physical discussion of parallel electric
fields in isotropic plasma, without the mathematical complexities, is in revision for publica-
tion in Geophysical Research Letters. This physical description will be presented by this PI
at the next Spring AGU Meeting.

Work performed by the Co-I reported in last year’s report involving electric and magnetic
field fluctuations at high latitude in the dayside ionosphere has been presented at various
scientific gatherings including last summer’s GEM meeting. Also contained in last year’s
report was work by the PI comparing DMSP data to predictions of the field-aligned current
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and precipitation patterns in the nightside auroral zone. The predicted patterns are based
on earlier work performed in collaboration with Dick Wolf using the Rice Convection Model
(RCM). Results of this work have been reported at various seminars and the Spring AGU
Meeting this past year. The paper “The Physics of the Harang Discontinuity, 2. Conse-
quences of Dawnside Depletion” has been revised for publication in Journal of Geophysical
Research, but the referees still have some suggestions which need to be addressed. The
knowledge we have been gaining concerning the physics of M-I coupled convection in Earth’s
magnetosphere was incorporated in an invited paper given at the last GEM meeting on
magnetospheric substorm theories. A reprint of the report is enclosed.
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